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Abstract 
In this paper, Pulse Thermography analysis was applied to detect non emergent defects in 
asphalt concrete used for road pavements. Experimental and numerical experimentations 
were run on this specific heterogeneous material. Only experimental data acquired with an 
un-cooled microbolometer camera (less sensitive than a cooled one) were used. Data were 
processed using a semi-infinite heat transfer model in order to determine the depth of the 
defects. Finally, a discussion on the influence of performances of the IR camera employed 
versus potential detection of subsurface defects is finally proposed in correlation with the 
investigated domain of pavement materials. 
Résumé 
Des analyses par thermographie pulsée conduites sur des données expérimentales et 
simulées sont présentées. Ces méthodes sont appliquées à des données issues d’une caméra 
infrarouge non refroidie équipée d’un détecteur matriciel à microbolomètres (de moindre 
sensibilité thermique que les caméras refroidies). Les données font l’objet de calculs pour 
déterminer la profondeur des défauts en s’appuyant sur l’hypothèse du milieu semi-infini. 
Finalement, une discussion sur l’influence des performances de ce type de caméra sur la 
détection potentielle de défauts non émergents est proposée vis-à-vis du domaine 
d’application étudié (matériaux de structure de chaussées). 
Keywords 
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1  Introduction 
Within the policy frame of the diagnosis and the maintenance of the french roads and 
bridges network, different known techniques for non destructive testing are currently under 
investigation for pavement structure [1-2]. Such methods could be deployed on the field on 
real sites as much as possible. They should be able to detect hidden defects from the surface. 
Indeed, defects such as un-sticking zones between the top layer and the structural ones could 
induce a quick deterioration of the pavement surface (potholes, …). When the defect is 
punctual, or is located on a small road stretch, some efficient repair might solve the problem. 
Sometimes, it involved a larger number of kilometers, and then renewal of the road is the 
solution. So, their detection as soon as possible has therefore a great importance and is an 
important challenge. It might imply significant cost savings and avoid major traffic 
disruptions. There is a large variety of materials used for road construction, from asphalt to   NDTCE’09, Non-Destructive Testing in Civil Engineering   
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cement concrete. They have different granular constitution and therefore different thermal 
and radiative properties. Their structures can be non to highly porous, and can include several 
layers. These variations could also appear inside the same layer due to construction 
constraints. Such heterogeneities would induce additional difficulties in the use of active 
thermography. 
Active infrared thermography for the detection of defects has been now used for many 
years for non-destructive control of materials such as metals, composites and so on, as 
described in the literature [3]. Its application to civil engineering materials like cement 
concrete, slightly porous and almost homogeneous was shown in [4]. First extension of such 
approach for bitumen concrete material was presented in [5], where the challenge was to sort 
relevant signal of defects among the pristine porosity and heterogeneity of such a material. 
So, in this paper we present Pulse Thermography analysis conducted both on experimental 
and numerical experimentations applied to porous (even slightly, but non evenly) and 
heterogeneous asphalt concrete pavement materials. We also present a model for depth 
retrieval of subsurface defect. Finally, combining numerical simulations with experiments 
allow us to discuss on the influence of the sensitivity of the IR detector used onto the 
potential detection of sub surface defects. 
2  Laboratory test and numerical simulations 
A description of the experimental test bench is given in this paragraph. It is followed by 
one of the numerical simulations undertaken in the case of the two defects sample. 
2.1 Experimental  apparatus 
2.1.1  Bitumen concrete samples 
During this study, different measurement protocol, based on active infrared thermography 
to detect defects within a laboratory frame, were tested. Semi-granular asphalt pavement 
materials were considered. Their nature was of the most commonly used material either on 
national roads and highways. Samples were made of granular materials with a bitumen 
matrix. They consisted in parallelepipeds (10 cm x 18 cm x 50 cm). Defects made of wood 
were included while manufacturing the road samples. During the thermal analysis, these 
defects were either left or removed. Two kinds of inclusions were therefore evaluated, which 
thermal conductivity and diffusivity (wood or air) were lower than the ones of the road 
material. The defects shapes were a parallelepiped and a pyramid. They were located at 
different depths under the samples surfaces (1.3 cm for the parallelepiped, 1.3 cm and 6 cm 
for the pyramid). These inclusions were inserted into the road pavement samples in such a 
way they should not thermally affect each other (see Fig. 1). 
 
        
Figure 1. View of pine wood defects (left) – Sample front face viewed (right) 
2.1.2  Step heating test bench 
The experimental setup consisted in two halogen lamps of 500 W each, previously 
described in [6]. A reflector was used to roughly get a constant flux density over whole 
sample surface. The selected active thermography method was the step heating method. The   NDTCE’09, Non-Destructive Testing in Civil Engineering   
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heating phase lengths ranged between 60 s and up to 1 hour. The heat flux density excitation 
during trials was constant. It ranged between 3000 W.m
-2 (short pulse duration 60s to 300 s) 
down to 200 W.m
-2 (long pulse duration 30 minutes to 1 hour). The infrared camera was 
located at a distance of 0.8 m from the sample surface consistent with its optical 
characteristics (focal length 36 mm). In the present paper, only results obtained with a FLIR
® 
S65 camera equipped with an un-cooled microbolometer FPA detector of 320x240 sensitive 
elements in the spectral bandwidth 7.5 - 13 µm are discussed and analyzed. 
2.1.3 Experimental  temperature fields evolution 
Infrared images were acquired at a frequency of 1 Hz. Higher power density was used for 
lower pulse duration (1, 2, 3 or 5 min). Lower heat density was used for longer time 
experiment coupled to longer pulse duration (30 min up to 1 hour). Associated infrared 
images were acquired during half an hour up to two hours. 
Tests have shown that defects close to the surface could be directly detected during the 
heating phase using the infrared images and for step heating of at least 300 s. It was the case 
for the parallelepiped one with a flat surface parallel to the heat flow. For pyramid one, no 
direct detection was observed. The heterogeneity of the pavement samples (materials and 
porosity) did not significantly affect the global heat transfer within the structure. 
Nevertheless, thermal behavior of aggregates had is own thermal signature. Some heating 
heterogeneity was observed on samples edges and has to be connected to natural convection 
development during thermal relaxation phase. Fig.2 presents infrared thermograms 
(temperature in Kelvin), acquired with the FLIR
® S65 camera, at the end of a heat pulse of 
300 s and 210s farther. The heat flux density applied to pavement sample was round 
3000 W.m
-2. 
 
at t  =  300  s            at  t = 510 s 
Figure 2. Experimental thermograms for a 300 s step heating duration 
It can be observed on the infrared thermogram that the natural convective heat transfer 
development at the surface of the sample is non homogeneous. Aggregates thermal signature 
can also be observed for infrared thermogram at t = 300 s. 
 
2.2 Numerical  simulation 
In parallel to these experimental trials and for similar heat density pulse and thermal 
relaxation duration, numerical simulations based on the finite volume method of heat 
transfers inside investigated samples were carried out using FLUENT™. 
2.2.1  Numerical simulation description 
The modeling part consisted in applying a step function of 2620 W.m
-2 heat flux density’s 
for short duration pulses (60s) and of 220 W.m
-2 for long pulse duration (3600 s) to the front 
face of the sample. For these numerical test case temperature field on the surface and inside 
the sample as a function of time were computed. The geometry of the sample considered is 
corresponding to the sample containing two defects. According to this geometry, we used a   NDTCE’09, Non-Destructive Testing in Civil Engineering   
  Nantes, France, June 30th – July 3rd, 2009   
 
 
three-dimensional non-structured meshing basis on tetrahedral cells realized under 
GAMBIT™. There were 1892429 cells.  
The thermal characteristics of materials, used for numerical simulations are presented in 
Table 1. Furthermore, ambient temperature was considered as constant (equal to 20°C), and 
the sample supposed to be submitted to a global heat exchange coefficient h = 10 W.m
-2.K
-1 
on its front and rear faces. Lateral faces are insulated. 
Thermophysical properties of materials used for numerical simulations 
Material  k (W.m
-1.K
-1)  ρ (kg.m
-3)  Cp (J.kg
-1.K
-1) 
Bitumen concrete  1.41  2262  1255 
Pine wood  0.15  600  1900 
2.2.2  Numerical temperature fields evolution 
Fig. 3 shows temperature field (in Kelvin) evolution for a density heat pulse of 2620 W.m
-
2 during 300 s and thermal relaxation. They have been reconstructed using 3D simulation 
presented in the previous paragraph. Due to the good homogeneity of material used for 
computation, one will notice that aggregates and natural convection did not affect the 
temperature field as previously observed for experimental data. 
   
at t=300s             at  t=510 s 
Figure 3. Infrared images simulated for a 2620 W.m
-2heat flux density pulse during 300 s 
3  Results analysis 
In that paragraph, analysis approach developed and used is described. Results obtained on 
simulations and experiments are presented and discussed in the case of a step heating 
of 300 s.  
3.1  Pulse Thermography analysis 
To localize defective and sound areas, contrast maps could be calculated by different 
approaches (see Maldague [3]). Then in a second step, knowledge of their positions is 
generally used for the depth calculation approach. 
Here we assume that the location of the defect was not known and we compute 
overheating maps evolution using the temperature map acquired before the step heating at t0 
for each pixel (Eq. 1) of the infrared thermogram (conventional approach in wall heat transfer 
determination by IR thermography [7]) also known as cold image subtraction [3]. 
( ) ( ) ( ) 0 y , x y , x y , x t T t T t T − = ∆    (1) 
So at that stage a set of overheating maps are determined and will be used for depth 
retrieval using the heat transfer model presented hereafter.  
 
3.2  Defect depth retrieval 
In a first approach heat transfer in pavement materials can be assumed to behave like heat 
transfer in semi-infinite bodies. Nevertheless, care must be taken at the thermal diffusion time 
when making calculation and experiments in order to keep within the validity domain of such   NDTCE’09, Non-Destructive Testing in Civil Engineering   
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model. Furthermore, by neglecting natural heat transfer on the surface of the inspected 
material, the heat equation system to solve takes the following form (Eq. 2): 
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In our measurement and simulation configuration the surface solicitation is a constant 
square heat pulse of duration . The boundary condition at t > 0 (Eq. 3) takes the following 
expression where   is the constant heat flux density applied during the pulse: 
τ
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τ ϕ τ ϕ > ≤ t   if    0   =   ) t (   and   t   if   q   =   ) t ( 0 0 0              ( 3 )  
The solution of such system can be obtained by using the Laplace transform. Other 
resolution approach can be found in literature. For instance Vavilov in [8] presents different 
solutions for various thermal configurations. The solution for the surface temperature is 
reported in Eq.4.  
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Combining this solution for the case of the heat pulse solicitation over the surface of the 
studied material with the effusivity approach proposed by Balageas in [9] the depth of the 
defect can be determined using the relation reported in Eq. 5. 
( )
95 . 0
min , n min def b t a z =    (5) 
Where a is the thermal diffusivity, b the thermal effusivity (calculated using Eq.4), tmin the 
time when the effusivity curve is minimum, zdef the depth of the defect in m and bn,min the 
normalized minimum effusivity. 
Fig. 4 presents results obtained with numerical simulation and measurement data for a step 
heating duration of 300 s. Depth obtained for the parallelepiped is in the range of 1.2 to 1.4 
cm for numerical data, compared to 1.1 to 1.3 cm for measurement data. Natural convection 
observed for experimental data coupled with limited performances of the un-cooled camera 
used, drive to more inhomogeneous depth map. As expected, direct calculation approach is 
more sensitive to these perturbations than it could be by an inverse approach using a 
regularisation scheme.  
   
Figure 4. Square defect depth maps in meter: simulation (left) – measurement (right) 
Detection of the second defect from experimental data is not as obvious due to its poor 
thermal signature masked by the natural convection development observed during 
measurement and aggregate thermal behaviour. 
Nevertheless, the interest of such approach is that by establishing a map of computed 
depth we can also make a segmentation to obtain the defect localisation and, at the same time, 
to determine one of its dimensional characteristics.   NDTCE’09, Non-Destructive Testing in Civil Engineering   
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4  Conclusions 
The parallelepiped defect located at 1.3 cm under the surface was easily detected even 
with a short heating phase (test were made down to 60s). The thermal behavior of the 
structure was greatly affected by the defect presence around it. The nature of the samples 
(porosity, heterogeneity) did not seem to affect the ability of the technique to non destructive 
control of such road material. Nevertheless, natural convection observed during experiments 
has a thermal signature that hides the one of the pyramidal defect. The proposed semi-infinite 
model with the constant heat pulse solution coupled with normal effusivity approach from 
Balageas drives to a correct estimation of the square defect depth. The use of Principal 
Component Thermography method is useful to quickly detect the defect location using its 
spatial signature on empirical orthogonal functions map. In the future, we plan to implement 
more refined models using a segmentation of EOF maps in order to associate the most 
adapted model to pixels of the infrared image. Finally, this study has also shown the ability of 
un-cooled camera with less thermal sensitivity to detect defects, although care must be taken 
in the reduction of measurement noise. 
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